



















https://www.ecfr.gov/cgi-bin/retrieveECFR?gp=&SID=8de751f141aaa1c1c9833b36156faf67&mc=true&n=pt10.3.431&r=PART&ty=HTML#se10.3.431_197
https://www.ecfr.gov/cgi-bin/retrieveECFR?gp=&SID=8de751f141aaa1c1c9833b36156faf67&mc=true&n=pt10.3.431&r=PART&ty=HTML#se10.3.431_197



http://www.energy.ca.gov/title24/2016standards/prerulemaking/documents/2014-07-09_workshop/2017_TDV_Documents
http://www.energy.ca.gov/title24/2016standards/prerulemaking/documents/2014-07-09_workshop/2017_TDV_Documents



https://www.energy.ca.gov/2019publications/CEC-400-2019-006/CEC-400-2019-006-CMF.pdf



http://www.energy.ca.gov/title24/2013standards/prerulemaking/documents/general_cec_documents/2011-01-14_LCC_Methodology_2013.pdf
http://www.energy.ca.gov/title24/2013standards/prerulemaking/documents/general_cec_documents/2011-01-14_LCC_Methodology_2013.pdf
http://www.pge.com/en/myhome/saveenergymoney/plans/tou/index.page



https://efiling.energy.ca.gov/GetDocument.aspx?tn=216062















http://www.csithermalstats.org/download.html
http://calmac.org/publications/LED_Pricing_Analysis_Report_-_Revised_1.19.2018_Final.pdf



https://slipstreaminc.org/sites/default/files/2018-12/task-tuning-report-mndoc-2015.pdf






https://www.seia.org/initiatives/solar-investment-tax-credit-itc



https://www.nrel.gov/docs/fy16osti/66532.pdf
https://efiling.energy.ca.gov/getdocument.aspx?tn=221366
https://pvwatts.nrel.gov/downloads/pvwattsv5.pdf
https://ww2.energy.ca.gov/2019publications/CEC-400-2019-005/CEC-400-2019-005-CMF.pdf
https://ww2.energy.ca.gov/2018publications/CEC-400-2018-021/CEC-400-2018-021-CMF.pdf
http://localenergycodes.com/download/430/file_path/fieldList/PV%20Plus%20Battery%20Storage%20Report






https://doi.org/10.1016/j.enbuild.2018.09.020
https://escholarship.org/uc/item/3qs8f8qx















https://www.ahridirectory.org/Search/SearchHome?ReturnUrl=%2f
https://zero-code.org/wp-content/uploads/2018/11/ZERO-Code-TSD-California.pdf


















































































































https://ww2.energy.ca.gov/maps/renewable/building_climate_zones.html







































































































GZ-L0-610C S6
¥9T0€T'TS | TLT'€E88S I< LY 22L'90TS | (0LT°0tTS) (trv'eTT'1S) 9vL LT69T CILYS- V1| 29120
09/08T‘TS | L6666C'TS | TI< < 0SG'€SS [8L'TULTS (otTLT1'19) 769 66G.T TL6'9L- 389d 9120
09/°08T‘TS | T06°LT6S I< LS 0SG‘€SS (80€°66TS) (oTZ'L2T'TS) 769 66S/T TL6°9L- ER] STZD
T9T'L6ETS | SPP'TEETS | T< 1< 87¢'9/TS | TIS0TCS (ve6‘0CT'TS) oty 6LSS €6€°€8 DS | I
78S'96ETS | LSLEVT'TS | T< 1< 89/'€LTS | €EV6'0TTS (y18‘CCT'TS) 8'LS 9500T 6361V Igoas | vI
78S'96ETS | LPT'SHT'TS | T< 1< 89/'€LTS | €€€TTS (y18‘CCT'TS) 8'LS 9500T 6361V 3135d €120
0E0‘TVETS | 9vv'88T‘TS | T< 1< v.5'6TTS | 166'S9TS (ssvzer’ts) 0'SS 6200T 90£'9¢ anwns | z-ztzd
L80°C9ETS | 6E8'0EE'TS | TI< 1< S00'8€TS | 9S5490¢S (€80'PCT'TS) LS €0¥0T 9€T'8T 3135d [4va)
9/809€'TS | LEOLET'TS | TI< < ¥6L9€TS | ¥S6°CTS (€80°VTT'TS) T°LS €001 TELLT 389d 1120
L8S‘TSETS | 69T'S8T'TS | T< 1< vv6'677S | 979°79TS (ev9‘zeT'Ts) 9's§ 75201 788'st IS | T-012D
TYO'TLETS | 660°092°TS | T< 1< L0T°6VCS | S9T'8ETS (re8‘12T'TS) 0'cs 818 T€L'0S I85Aas | 0120
TYO'TLETS | 0LLSET'TS | T< 1< L0T°'6VCS | 9E6°ETTS (re8‘1eT'1S) 0'cs 818 T€L'0S V1 | 2-6020
CTL'T6ETS | €V8€6C'TS | T< 1< 088°99¢$ | 0T0‘69TS (zes'ver'1s) L'€S 0P8 G8T'SS ERD 6020
CTL'T6ETS | €€6'6L2'TS | T< 1< 088°99¢$ | TOT'GSTS (zes'ver'1s) L'€S 0P8 G8T'SS V1 | 2-8020
808'86€'TS | S00°/8C‘TS | T< 1< €LL'SLTS | TL6'E9TS (reo‘cet'Ts) G'€S €5€8 L2195 ERD 8020
808'86E'TS | CTOTLTTS | T< 1< €LL'SLTS | L86'LVTS (reo‘cet'TS) G'€S £5€8 L2195 3850s L0ZD
G9S'T6ETS | 988°0¥C'TS | T< 1< 705°997$ | TT8'STIS (r90°s2T'1S) T'vS 8818 6E7'79 V1 | 29020
T9T'08ETS | 090°062°TS | T< 1< Svy'€ESTS | EVE'EITS (91L'92T'19) A 7168 G/8'8Y ERD 9020
¥2L'SSETS | ¥6SC8TTS | T< 1< 6v1'62¢S | 6T0°95S (5£5'92T'19) 819 096TT 9ev'Se 335d 5020
¥C6TSETS | 9T9'STV'TS | T< 1< 0%'STTS | ¥60°68TS (zzs'azt'1s) 029 LT6TT 06%'ST Nvdd | Z-¥02D
¥C6'TSETS | 00ECLTTS | T< 1< 0v'STeS | 8LLSYTS (zzs‘ozt'ts) 029 LT6TT 06%'ST 3395d %020
LY6TVETS | 6TTTLITS | T< 1< 097'STTS | TESVPS (£89°9TT'1S) €59 (4434} 719'stT 3135d €020
ST6'LVETS | €90°EST'TS | T< 1< 01S‘ceS | 6%9'8CTS (STY'PeT'TS) 0'59 LL9TT €988 3135d 020
¥9T0€T'TS | TLT'€E88S I< LY 2TL'90TS | (0LT'01TS) (trv'eTT'1S) 9vL LT69T CILYS- 339d 1020
Ad M08 + 21133V
(AnaL) AdN (Inq (Anal) (Inq sduines sSuines 150D a3eyoed (suo) (swaays) (uw) | Aoaiaa nol D
-uQ) AdN oney -uQ) AQL-$ 150D ASuau3 |eruawaiduj s8uines sSuines sSuines
o/a oney CIRURET Y| DHO sep 293
o/4
Ad M08 + ILID3[A-[IV - [910H [JeWS .10J SS9UIAIIIJJJH 1S0) "9/ 9.Inslj

Apn1s SSauan1I3ff3 1500 3P0 Y03y UOIIINIISUO) MAN [DIIUSPISIIUON 6T0Z































S¢-L0-6T0¢C S0T

790'T9ETS | TVT'SYETS T< T< 7€9°6€CS | CI8'ETTS 0V TTZTTS- e/u '[9 LL9°TT 6v8°L UMA0S

+ M08 +21193|3-||V
OV8‘TLE'TS | OOV'TLETS I< I< 0TS€TeS | 0L0Tees 0EE6VT'TS- e/u 0'99 LL9'TT €58'8 M08 + 214103(3-[|V
CIT'8YT'TS | ¥S6'VLT'TS (A% €68 88TTVS- | Lyv'VIS- TOV'68C'TS- e/u 60 LL9°TT PS6'ETT | UMIS + MYE +21303|3-||V
206°0ST'TS | WWL'LLT'TS €Te '68 88TTVS- | Lyv'VIS- T6T'26C°TS- e/u 60 LL9°TT ¥S6'ETT NE + 213233V
TEL'BTTS €v2'09$ L'T €71 850'96CS$ | 0L5'9€TS LTEILTS e/u 1'8¢ 0 [43 %14 YM0s

+ M08 + [2N4 PaXIN
€0L'9TTS L9€'T8S 6T ST 0€T'SLTS | ¥6L'6TTS LTY'8YTS e/u 0's¢ 0 T6S°LTT NVI08 + [PNd4 PaXIN
9/6°TS TLSS T TT zeeoTs LT6°8S 95€8S e/u 60 0 S8L'Y UMIS + MIIE + [3N4 PaXIN 1910H
99.vS T9€'€S 6T 9T TEE0TS LT6'8S 995°S$ e/u 60 0 S8L'Y NE + [9N4 paxIN llews
8EL'BETL'TS | 6VC'66TTS 8'8¢ €aqT S0S'vvS- | ¥66'€8S- EVC'E8TTS- %11~ 1y L19°TT ¥87'8T1T JH + 211333+ ||V
G9€'/6E'TS | TOE'9LETS T< T< 96TLTES | €€T'96CS 890°080°'TS- %S S'€L LL9°TT SIT'8E 9Ad + 33 +2139|3-| |V
¥26'S87'TS | ¢86'0TIE‘TS T< T< 098°0TS 8T6'SYS ¥90'592'TS- %S 6°'St LL9°TT 0T¥'88- 33 + 211233V
LETOVT'TS | 6EV'ELTTS T'S¢ €S 079'TSS$- | 8TEVTS- LSL'L6T'TS %C1- o'ov LL9'TT 6€L8TT 21199|3-|IV
¥8T'TTS- T08°0TS- S0 S0 808'TTS 162°CTS z60°'€Cs %E LT [4ei% 186 3H + [3Nd4 p3aXIN
809°0€TS 0T9'8YS 9T T SLS'9EES | LLS'VSTS £96°S0CS %L A 9.6 YPT'0ET 9Ad + 33 + |9N4 PaXIN
18€'8S LS8'TS 71 TT €5€'6CS 6¢8'CTS 1L6'0TS %L 6'€ 9.6 208 33 +|9n4 paxiN
(Aal) AdN (inq (na1) | (g s3ulnes s3uines 150D (%) (suoa) | (swaaya) | (umwi) a8exped | adAioroud

-up) AdN oney -up) AQL-S 150) 98eyded uidie\ | s8uines s8uines s8uines
J/g oney ASiau3 |euawaidu| uey| DHO sep 29|13
J/g 9pAN -dwo)

Apn1s SSauan1I3ff3 1500 3P0 Y03y UOIIINIISUO) MAN [DIIUSPISIIUON 6T0Z

Areuruing SSauaAI}d3JJq 1507 sageyded [[V ‘[910H [[eWS - SIsA[euy sajey A Singspesay 18 3.InJig




	1 Introduction
	2 Methodology and Assumptions
	2.1 Building Prototypes
	2.2 Cost Effectiveness

	3  Measure Description and Cost
	3.1 Energy Efficiency Measures
	3.1.1 Envelope
	3.1.2 HVAC and SWH
	3.1.3 Lighting

	3.2 Solar Photovoltaics and Battery Measures
	3.2.1 Solar Photovoltaics
	3.2.2 Battery Storage
	3.2.3 PV-only and PV+Battery Packages

	3.3 All Electric Measures
	3.3.1 HVAC and Water Heating
	3.3.1.1 Medium Office
	3.3.1.2 Medium Retail
	3.3.1.3 Small Hotel

	3.3.2 Infrastructure Impacts
	3.3.2.1 Electrical Panel Sizing and Wiring
	3.3.2.2 Natural Gas


	3.4 Preempted High Efficiency Appliances
	3.5 Greenhouse Gas Emissions

	4 Results
	4.1 Cost Effectiveness Results – Medium Office
	4.2 Cost Effectiveness Results – Medium Retail
	4.3 Cost Effectiveness Results – Small Hotel
	4.4 Cost Effectiveness Results – PV-only and PV+Battery

	5 Summary, Conclusions, and Further Considerations
	5.1 Summary
	5.2 Conclusions and Further Considerations

	6 Appendices
	6.1 Map of California Climate Zones
	6.2 Lighting Efficiency Measures
	6.3 Drain Water Heat Recovery Measure Analysis
	6.4 Utility Rate Schedules
	6.5 Mixed Fuel Baseline Energy Figures
	6.6 Hotel TDV Cost Effectiveness with Propane Baseline
	6.7 PV-only and PV+Battery-only Cost Effectiveness Results Details
	6.7.1 Cost Effectiveness Results – Medium Office
	6.7.2 Cost Effectiveness Results – Medium Retail
	6.7.3 Cost Effectiveness Results – Small Hotel

	6.8 List of Relevant Efficiency Measures Explored
	6.9 Additional Rates Analysis - Healdsburg


